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Dear Painr,
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Don Sivula

41 li ST SE
EPiil-U.%'A, l5A 9 5 3 23-19 20

I am responding with the following comments on the Tri-Party Agreerxent
Between the U.S. Environmental Protection AF;ency, Washington State
Department of Ecolo6y, and U.S. Department of Energy proposed plan
to build and operate the Hanford Environmental Restoration Disposal
Facility (or E:2DF').

First, I am in favor of a well designed landfill for permanent disposal
of certian types of hazardous waste from the cleanup of the Hanford
Site. However, I have concerns regarding the clay liner as designed.
I tliink the clay liner may not be adequate to permanently contain
dangerous radioactive and chemical waste. My concerns over the liner
are:

1) The clay liner is shown in y:lans as only 3 ft. thick. Clay liners
built for regular solid waste (household garbage) landfills are
usually 5 ft. t.iick. I tLinL- the I':?:JF liner should be thicker for
this ;iassive landfill;

2), As shown in plan drawin,-s for the F.IWF, the terms "compacted
clay liner" are used. However, the completed liner will actually
consist of 91;. sand and 9'j, sodium bentonite clay mineral (by wt.".
The ters: clay as used by eeologist, aineraloeist, and soil scientist
is applied to geologic materials composed of at least 51`1 ciay
content. Therefore, the term clay cannot be properly applied to
describe the liner as shown in plan drawings. The pro;;er term
should be sand liner, or sand - clay liner;

3) With the clay content of the liner being only 9j% with a total
thickness of 36 in., i::ear.s that if the coi_:pacted clay were
separated as a pure layer ( separated from 91^o sandi it would
be about 4-4 in. thick. The remaining sand would be 31.75 in.
thick. This amounts to being a very thin s:;im coating of a
clay layer to contain 70 ft. of waste materials, and;

4) Sodium bentonite clay used in the liner may be chemically altered
over time with resulting degradation of its sealing performance.
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onite is used in all the :.in:ers and containment barriers
iL ::a_:forc:. 5odi;i;a bcntoz.ite is, .>lso named na montmorillonite,

i or:ing a^alrbonite, high y ield :,eritonite, and '!lestern bentonite.
Sodiw.. be-tonite is a meniDer of Lhe seiectite group of minerals.
`1he o'.her n.ontmorillonite clay uinerals being: Calcium bentonite
(ca mont;rorillonite, non-swe:lin;^; bentonite, southern bentonite.,
and fullers earth;, magax:,:um u:ontmorillonite (saponite, armargosite),
otassiuia i^onL^orillonite Gietabentonitej, and lithium montmorillonite
(::ectorite). The structure of these clay ninerals are extremely
:nicrosco-?ically small alu.ui;:uL silicate si:eets with sodium, calcium,

nesium, iron, iotassium, :.ithium, and other elements may be present.
'i1.ie particular i.^ontmorillonite mineral loeing named for the element

ich is dominanrt over e otL•ers as :;l;e ,,rincipal exchangeable
c_.tiox.o 'i,'._e c iemical and _hysicai properties are determined by
t';ee cations present. The chemical and p:aysical properties have a
great variation between ^;roup members. The montmorillonites
(or bentonites) are the `nest clays to use for sealing or liner
applications jecause they are the least permeable to water. 'Llso,
tir,ese clays have a strong property of cl:emisorption, ir:,ich is the
aaility to bond suustai.ces to the surface and between the silicate
s'_ieets of the clay minerals crystals. The sorption property will
attract certian atoe,s, molecules. and even s:,.all particules like
a u,at;net by electros-Latic and other atomic forces and coat the
clay crystals with a layer called the Stern layer. The sorption
property will extract (or filter) cer'tiar, dangerous chemicals and
radionuclides as they very slowly percolate tl:rough the sand - clay
liner in solution with water. The otI er clay minerals I.aolinite and
illite are much more perc:eable to water, and have weak to very weaL-
sorption ^Properties.

A thic?:er liner with a higher clay content would provide for u:ore
ciieraisorption capacity. I t:iinFc that 4j in. of clay will not have
enoubh chemisorption capacity for 70 ft. of overlaying waste
materials should failure of the plastic :iiners occur. Moreover, I
would lil:e to see a clay subliner installed which is adequate to
contain through sorption. the fullest capacity (or a'aility to sorb;
as much of the radionuclides and chemical contas:.inates present in the
coa:pleted landfill as I ossible. Because of even the sli;;at chance
that the pu:up and treat leachate collection cou-^d terminate in the
future the landfill should be designed to taE:e care of itself in the
absence of numan caretakers, and itself prevent dispersion of
radionuclides and daneerous cheaicals into the environment (or
bios.here;, rat^,er than reliance upon indefinitely being puL:ped
out.

Sodium bentonite is used as a sealing liner for landfills because it
swelis up ,;reatly in size (or voluL.e) with the absorption of pure
water. Sodiun., bentonite n:ined from cer'^ian deposits will swell un
to 2Cx(ti_:es) the ori;"inal 4ry size after saturation with pure water.
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c s-.reliin,3 i,i:e c_a;, affect;.ccl als p ores in tlke sand - clay
lii or, a:i(: "'ori,is ,t -rc-ry -:ig,'.^.t 1cra^ r,erzyeabi:ity material. The sand in
t=:e liner is to - rovide rhysica7 and densification. The
.n'. - clay rai:_t.r e:rili cop-pact ea:;i:.y wS,.ereas a purer clay is

difficult to coir;act into a derae layer (or liner). The sand stabilizes
a;;ainst e:{ti•usion yflow or dis; lacement) from the weight of the
overla in,f waste a:aci land'ill li.n::er cap. If pure clay were used
:Zor the liner it will 'uecome plastic due be its rheolo:'yical ;,roperties
with the ad^'_ii.:io:-i of enou„h water, e.nQi co,:Id flow or be displaced.
:i conrpacted c':e::se sar.e; - clay c::i.xture of less than 10/1 sodium bentonite
will not 'low unc':er pressure. Pure sodiur:: bei:tonite saturated with
pure water oehaves rheolo„ically as a r atery gell, with strong
lubricating proper-^ies. .13so,, irncsation piressures in montmorillonites
::.a5- reach 2000 psi,, because of .14ese reasons the clay content for
sodium bentonite - sand l:ners cannot exceed 10; or so.

So.:ium bentonite does not swell %'or expand) to the same volume in
solutions of chemicals such as acids; alkalies, and saline solutions.
The swell may he ^;reatly reduced. Sodium bentoni-Le does not swell
in or^;anics (s:.cl: as oil), unless it is specially treated, as
organoclay (organic clad clay;, 13entonite clays are also subject
to ionic exchange. The principal exclranbeable cations can be removed
and replaced by other cations present in solution, when the clay
is placed into the solution.

I read in Hanford literature reF:;ardinv a previously completed
sodiuvi bentonite liner that it would take "^)O years for the waste
water to pass through the liner". The liner was constructed (or
:ii iit) to tiiB sawe ti iciene5s (^i ft. ) and peruteabllity ( 1 x 10- 7
cm/sec) specifications as the proposed MU'r' lanwfill. Tlierefore„
the liners are soiLewhat perraeable, albeit slowly.

P,y point is that should sometiaing happen to human caretakers of the
iAtDF, so that the uml; and treat leachate collection systeis would
become abandoned, then chemicals in the -vaste will be passing through
the liner. In a long time period the leakage will be si.-;nificant.
The cheaicals and alkaline :retals in the waste will ir:teract with
the sodiuni bentonite. The chemicals will cause si:rinl:age to occur
in the bentonite by reducing its swelling or expansion, and that
will cause an increase in permeability. P,:oreover,, the actual clay
n:ineral will likely be altered chemically into another rsunt;yorillonite
clay mineral by cationic exchange with cations present in solution
froi^_ tiae overlayin^.-; waste. Sodiu:u cations may be leached by acidic
or alLaline solutions and replaced by oti,er matal cations, this
too will cause an increase in permeability, because sodium, bentonite
has the highest sz:rell volume of the montc:orillonites,'" ani'. when altered
to another r:.or.tmorillonite it may be a low or non-swelling type (it
may become a non-swellir.g clay;.

idote: 11 Certian rare liti:ium c:oijtn.orillonites will suell more
than sodium bentonite.
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If I•eiay raake a sugt,estion, I',^ouid li?:e to see a non-swelling bentonite
used in tue liner. Non-stir-ellin; bentonite such as calcium bentonite,
or nonironite (iron aluminum silicate) have chemical and p;_ysical
?roper",Aes that may be better in a liner application. The iron
content ;:elps bonding of certian rac,ionuclides to the clay crystals.
Calciuu :)entonites from certian deposits also have aLil;h iron
content. The i::.permeability of cc^.lciun^ bentonite will not be
adversely affected by acidic or se.line solu:,ior.s as will sodium aentonite.
.;cidic solutions will rei::ove some of the calcium cations, i:oisrever.
in doin.- so the ed^;es of the sheet structure will he expanded around
the e`L;es and cause a sli^ht swelling to occur. The slit;i;t swelling
-:^ill ti,;i:ten up the sand - clay -r.dx resulting in decreased permeability.
Saline solutions will further disperse any calcium bentonite clay
aer:;ra^ates to si^alier particules zr3:ich will cause a slight swellingY
to seal-up the liner. itote, that this is the opposite effect as
compared to sodiuia bentonite, w.iic:e ;.ecoi:,es more permeable when expose.i
to the sai.ie cl:euicals. Calcium bentonite or nontronite would have
to be added in hieher percentages to the sand to achieve the sa::.e
impermeability (up to 30'lo;. t'iie greater ar-ount of clay would provide
for more sorption capacity. Calcium bentonite bonds the sand togeather
more stronLly than sodium bentonite in the moist state. i:uch more
calcium bentonite may be added to the sand and still be stable
acainst flow or extrusiozt._Ti:e clay is also less sensitive to
tize aWount of water needed for co"paction durin;.- the building
(cons'i.ruction processj.

Calcium bentonite liners ( or sorptive barrier technology lir,ers; are
used at c^:emical plants in Texas, 'r6iississippi, Flordial South Carolina,
and elsewhere. k hazardous waste landfill in South Carolina uses
such a liner and cap, and not only to contain the waste but for
aacI;fillin; aro.:nd the waste containers in order to provide a sorptive
Wediura for dangerous chemicals.

Sodium bentonite has been a stanc.ard at Hanford for years. I think
that the ::;':4ytt is c:oveing ahead to fast to construction under the
lets get the cleanup going attitude. This is one area where more
time should be taken to test the liner materials performance over
time before cor..pleting the a--ain landfill at Iianford, its to big
to not have as g,ood as possible.

2inally, if I may I would ii<:.e to outline a recent incident regarding
plastic pipes in analogy to liners. I saw a report on CBS news about
plastic water pipe. The pipe has become brittle due to exposure to
chlorine in city water supplies. The pipe was in service for about
1^ years, and tlaen the r;ipes be&;an to crack or split open. 'l ater
aa_t:age was estimated to be 800 million dollars in bo:nes and buildings
all over the L.^. The plastic in ';;.:e pipes was ruade by viajor
caeLical a.anufactures who have bcen in '.jusiness for a long time.

Sincerely

Don Sivula

t5/:'. s
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